I . The proportion of iron liberated from twenty foods was measured after incubation in vitro with human gastric juice.
Estimation of total Fe
Samples were ashed in a muffle furnace at 450' for 18 h. At this temperature losses of Fe are negligible (Basson & Bohmer, 1972) . The ash was dissolved in 5 ml warm concentrated HCI (artisar) and the solution and washings made up to 25 ml with distilled water: final strength of acid 2 M.
Fe was determined by atomic absorption spectrophotometry (AAS) using Fe standards containing similar amounts of HCI.
Collection of gastric juices
Subjects presented themselves for gastric juice collection after an overnight fast. A Ryles tube was passed into the stomach and the subject then swallowed 500 ml distilled water. After 15-20 rnin the gastric contents were removed with the aid of a syringe and filtered through Whatman no. 41 filter paper into a plastic container. The volume of gastric juice collected varied from 50 to 500 ml depending on gastric emptying time and the extent of discomfort of the subject.
In vitro gastric digestion Duplicate 0.2 g portions of the foods were incubated in plastic centrifuge-tubes with 5 ml gastric juice at 37" for 1.5 h. The mixture was then centrifuged at r8ooog to precipitate any at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19800109 ferric hydroxide that might have been present in suspension. The supernatant fraction was removed for determination of solubilized Fe by AAS.
Analysis of gastric juice pH was measured using a Corning EEL pH meter. Free acid was determined by titration with 0.1 M-sodium hydroxide using Topfers reagent, and total acid using phenolphthalein indicator. Peptic activity was assayed by measurement of the concentration of peptides released from haemoglobin substrate when incubated for a fixed time with gastric juice (Anson, 1938) . One unit of activity is equivalent to the absorbance resulting from reaction of the reagent with 0.001 M-tyrosine.
Fe content was estimated using AAS. Proteins and mucoproteins were determined by electrophoresis on polyacrylamide gel by a modification of the method of Davis et al. (1969) . Samples of gastric juice were applied to polyacrylamide gels together with cytochrome C as a marker and the proteins and mucoproteins separated by sodium decyl sulphate electrophoresis.
The gels were stained with coomassie blue for proteins and with Schiffs reagent for mucoproteins. Known molecular weight markers together with cytochrome C were run on separate gels and thus the approximate molecular weights of the proteins and mucoproteins were calculated. The gels were scanned in a densitometer and the concentration of each protein and mucoprotein in the gastric juice calculated.
Simulated gastric digestion Portions of 0.2 g raw soya-bean flour were incubated at 37" for 1-5 h with a range of solutions of pepsin (5 ml, 5 g/l), adjusted with HCI at intervals of 0.2 units to pH values ranging from 1-4 to 2.8. After centrifuging the amount of Fe solubilized was measured as described previously.
Statistical significance was examined by the Mann-Whitney test and correlations by Pearson's method.
RESULTS AND DISCUSSION
The Fe solubilized from the twelve foods by gastric juice collected from one female subject (age 27 years) on ten occasions is shown in Table I ; the total Fe content of the foods is included in Table 2 . The results expressed as the proportion of total Fe present ranged from zero for egg to nearly 1.0, complete liberation, from the sample of wine.
The amounts liberated bore no relation to the total amount of Fe present which ranged from 4 pg/g wine to 830 pg/g curry powder.
Since the composition of human gastric juice varies from sample to sample and, as shown in Table I , the pH, free and total acid, pepsin activity and Fe content differed in each of the ten samples the close agreement of the replicated results suggests that it was the intrinsic chemical properties of the Fe in the various foods that was being measured. Table 2 shows the amounts of Fe solubilized from the same foods by gastric juice obtained from sixteen additional subjects (seven male, nine female, age range 19-38 years). The mean values were similar to those shown in Table I for the one female subject and the ranking order of the twelve foods was almost identical.
The results obtained with different samples of gastric juice showed a degree of variation. In order to ascertain the reason(s) for differences in Fe solubility, a range of gastric juice variables was measured. These were pH of gastric juice, free and total acid, pepsin activity, proteins and mucoproteins present (as revealed by gel electrophoresis), Fe content of gastric juice, sex and age of subject and the degree of Fe solubilization in each food. The at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19800109 results were then analysed by partial correlation to see whether any pair of variables were related when the effects of the others had been eliminated. The only factors that were related to the amounts of Fe solubilized were the various measures of acidity. The foods fell into two groups: ( I ) those in which the proportion of Fe solubilized increased with ihcreasing acidity, i.e. bran (r 0.64, P < 0.05) cocoa powder (r 0.64, P < 0.01) and curry powder (r 0.68, P < 0-001); ( 2 ) those in which it decreased with increasing acidity, i.e. soya-bean flour (r -0.57, P < 0.05). lentils (r -0.76, P < O'OOI), egg(r -076, P < 0.05) and peas (r -0.66, P < 0.001).
There were no differences between males and females for any of the variables measured ; age correlated positively with pH (r 0.64; P < 0.01) and hence negatively with free acid (r -0.57, P = 0.02) total acid (r -0.57, P = 0-02) and pepsin (r -0.77, P < 0.001).
at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19800109 It is suggested that the Fe solubilized by gastric juice is available for absorption and an attempt was made to validate this suggestion by adding bran, oats and egg to the foods before incubating them with gastric juice. These foods reduce the amount of dietary Fe that is absorbed (Sharpe et al. 1950 ; Callender et al. 1970; Bjorn-Rasmussen, 1974) . Table 3 shows the effect of mixing 0-1 g oats, bran or egg with 0.1 g of the food before incubating as described earlier. The sum of the Fe solubilized from the food alone and the bran, oats and egg alone provides the values for the calculated amount of Fe solubilized from the mixture. The results shown in Table 3 indicate that in all but two foods there was a substantial reduction in the amounts of Fe liberated. The two exceptions were lettuce and spinach and it is possible that residual ascorbic acid may have affected the results by chelating with at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19800109 Table 4 .
Fe. Bran had no effect on the Fe solubilized from liver but oats substantially reduced the amount.
Another attempt to validate the findings was made by comparing the results with those reported on similar foods by Layrisse et al. (1969) for the absorption of Fe by human subjects. Such a comparison may be unreliable for two reasons. First the samples were not the same. For example, as shown in Table 4 the Fe content of some of the foods used by Layrisse et a/. (r969) varied considerably (lettuce ranged from 188 to 542 ,ug Fe/g and soya-bean flour ranged from 86 to 140 pg) and the foods used in the present work differed from these in the total Fe content. Additionally we used different types of fish and liver. However, it is possible that the chemical form of the Fe and hence the amounts solubilized and absorbed may be similar in foods of the same type.
Secondly, the present work is attempting to measure the Fe that is 'chemically available' whereas Layrisse et al. (1969) measured the amount absorbed, which would thus include the effects of other ingredients of the diet and also the nutritional status of the sub,jects.
With these limitations the results in Table 4 show a Pearson correlation coefficient of 0.82 ( P < 0.01). The results for spinach were omitted since the sample used here contained five times as much Fe as that reported by Layrisse et al. (1969) .
Mg-Mg-Thwin et al. (1975) suggested that available Fe could be measured by incubating the food with HCI or by a double incubation with pepsin-HCI followed by adjusting the pH to 7'5 to simulate the conditions in the duodenum. Table 5 shows the effect of treating the foods with dilute HCI at pH 2.5, with gastric juice at pH 2.5 as used to obtain the results shown in Tables I and 2 , and by incubating with gastric juice at pH 2 -5 , then adjusting pH to 7.5 with NaOH and incubating again before centrifuging and measuring the Fe solubilized. Considerably less Fe was solubilized by the double incubation. HCI alone liberated more Fe than did the gastric juice for two foods, less from three foods and approximately the same amount for the remaining five foods.
When the results in Table 5 are compared with those of Layrisse et al. (1969) given in Table 4 for the proportion of food iron absorbed in vivo the following Pearson correlation coefficients were obtained: dilute HCI, r 0.52, not significant; gastric juice at pH 2.5, r 0.82 (P < 0-01); double incubation with gastric juice at pH 2 . 5 then adjusted to 7.5, systems are pH dependent but the amount of Fe liberated from the soya-bean flour was very much greater with pepsin-HCI than that available to human subjects measured in vivo according to Layrisse et al. (1969) . It would thus appear that the Fe liberated by the pepsinHCl system does not correspond to available Fe.
CONCLUSIONS
It is stated in the Report on Recommended Daily Intakes (Department of Health & Social Security, 1969) that the Committee considered whether it would be possible to express the Fe content of diets as 'Fe equivalents' using weighting factors based on the source of the Fe, but at that time there was not enough information about the availability of Fe in different foods and in meals of different composition to justify such a procedure.
The method described here, namely the amount of Fe solubilized in vitro by human gastric juice, might serve such a purpose. The amount of Fe liberated from a food in the stomach might be that which is available for absorption, though the amount absorbed subsequently depends on the presence of other dietary factors as well as on the Fe status of the subject. If the Fe content of foods were expressed as 'available' Fe such a method would be similar to that adopted for vitamin A, in which the amount in the food is expressed as retinol equivalents. As is the situation with Fe, vitamin A occurs in foods in different chemical forms that differ in their biological potency although the amount subsequently absorbed depends on the presence of other dietary factors such as vitamin E and fats, and the conversion of carotene and transport in the blood depend also on the protein status of the subject. It is difficult to validate the in vitro method described here. The values differ from those given by in vitro methods previously suggested, such as solubility in HCI or in HCl-pepsin (Jacobs & Greenman, 1969) The difference between pepsin-HCI and gastric juice has not been explained and does not appear to be due to the proteins or the mucoproteins present in gastric juice.
There is some variability between results obtained on repeated samples of gastric juice from the same subject which appears to be pH-dependent and it may be necessary to standardize the pH to make the method reproducible. It will clearly be necessary to examine a much greater variety of foods under standardized conditions if the method is to be considered for use in standard food composition tables.
